Abstract: Following the sequencing of rice genome, the functional analysis of unidentified genes is gaining wide importance. Mutant isolation is one of the effective ways to isolate and clone the target genes and analyze their functions. To find the various mutants in the same genetic background, seeds of Oryza sativa cv. Nipponbare were treated with ethyl methane sulphonate (EMS). A total of 1056 mutants were screened for five categories in M2 generation with the seedling frequency of 26.29‰ at three-leaf stage, but only 264 mutants were verified in M3 generation with a frequency of 6.57‰. Among the mutants verified in M3 generation, the frequency of leaf mutation was the highest (2.22‰), followed by seedling height (1.74‰) and the abiotic stress tolerance mutant (1.47‰). Nineteen characteristic mutations, including a big group of abiotic stress tolerant mutants such as herbicide resistant, salt tolerant and drought tolerant were identified at this stage. By observation of rice growth characteristics at different developmental stages, another 220 mutants have been isolated and verified in the M3 generation with the mutant frequency of 53.9‰ covering about 28 mutant traits. Among those identified, the highest frequencies were obtained for appearance of brown rice mutant with 18.37‰, followed by panicle mutant with 13.47‰, and grain mutants with 9.06‰. All the mutants screened above were suitable for gene function analysis and for utilization in agronomy.
Introduction
Rice is not only one of the most important staple food crops, but also a plant that has attracted broad interest in basic and applied research. Availability of complete genome sequences of two divergent rice cultivars, representing both the indica and japonica subspecies (Goffet al. 2002; Yu et al. 2002) has resulted in a large functional gene explosion and has revealed that rice has become a model plant for the study of the cereal genomes. In order to facilitate the functional analysis of rice genes, there have been many trials to develop rice mutant resources and a large number of Ac/Ds tagged lines (Kim et al. 2004; Kolesnik et al. 2004) , T-DNA insertion lines (Jeong et al. 2002) and Tos17 insertion lines (Miyao et al. 2003) has been generated. In addition, new-type endogenous transposon insertion lines other than Tos17 were also shown to be good candidate resources for functional genomic studies (Nakazaki et al. 2003; Tsugane et al. 2006) . Construction of a saturated mutant library is very essential to close the gap between genotypes and phenotypes as well as to identify genetic variation potentially useful for confirmation of function, traits improvement as well as rice breeding. More than 50 000 disruption lines ofOryza sativa cv. Nipponbare were produced using the endogenous retrotransposon Tos17, which has a "copy and paste" type of transposition activity. Phenotypes of these lines in the M 2 generation were observed in the field and characterized based on 53 phenotype descriptors (Miyao et al. 2007 ). From a library of 30 000 T-DNA insertion lines in the reference japonica cultivar Nipponbare (Sallaud et al. 2004) , Larmande et al. (2008) developed the Oryza Tag Line (OTL) database that gathered the detailed morpho-physiological alterations observed during field evaluation with a set of 13 928 lines related to 266 traits of interests. A large number of other insertion lines for enhancer/gene trapping and activation tagging have also been generated Wu et al. 2003 ). At present, over 300 000 insertion and/or tagged mutant lines have been generated and are roughly estimated to cover about 80% of rice genes in total (Wu et al. 2005) . A database containing 44 166 flanking sequences, which have already been collected from major insertion mutagenesis projects (Droc et al. 2006) , and the seeds of these mutant lines are available for distribution. These have been a valuable resource, both for discovering functions of novel genes underlying agronomic traits and retrieving information about alterations putatively caused by insertions in candidate sequences.
The exogenous and endogenous DNA or transposons, however, tend to integrate preferentially into specific sites in the genome, making it difficult to obtain knockout mutants for every rice gene in the indi-The screening of mutants and construction of mutant library for Oryza sativa cv. Nipponbare 661 vidual insertion mutant populations (Miyao et al. 2003; Jeong et al. 2006) . In contrast to insertion mutagenesis, chemical mutant lines are thought to carry evenly distributed nucleotide substitution or deletion mutations along with whole genome. Chemical mutagenesis has routinely been used to generate genetic variability for breeding research and genetic studies. The morphological mutations also provided genetic markers for the development of linkage maps. With high-throughput genotyping, the efficiency in detecting genetic polymorphism (point mutations or deletions) has been significantly improved (Borevitz et al. 2003; Henikoff & Comai 2003; Winzeler et al. 2003) . Consequently, there has been growing interest in using chemical and irradiation mutagenesis in model organisms for functional genome research (Liu et al. 1999) . The recent development of the TILLING method makes it possible to screen point mutations in desired genes using EMS-induced mutants (Colbert et al. 2001; Till et al. 2003) .
As the genome sequencing of Oryza sativa L. cv. Nipponbare has been completed, gene isolation and cloning from the mutant library is relatively faster compared to other non-sequenced plants. However, mutant library induced by EMS for Oryza sativa cv. Nipponbare has not been reported yet. In the present study, the seeds of this variety were chemically mutagenized to construct a saturated mutant library with different kinds of mutants. Collection of many idiographic mutants in the present experiment could be helpful to elucidate the biological functions of novel rice genes and possibly facilitate genetic analysis and positional cloning.
Material and methods

Plant material and mutagenesis
Uniform seeds of O. sativa ssp. japonica cv. Nipponbare were selected for mutagenesis and mutant library construction in the present investigation. Seeds (M0) were pre-soaked in water for 16 hours, dried and then treated with 0.4% EMS solution for 8 hours. The treated seeds were then washed several times with distilled water. All seedlings (M1) from the treated seeds were transplanted into the paddy field for harvesting the seeds of M2 generation in 2005.
Screening for mutants at seedling stage In 2006, 51 032 seeds of M2 after germination were sown into plastic trays with single seed per hole and 40 162 seedlings grew normally with the germination rate of about 78.7%. The seedlings were nourished using hydroponic method in a growth chamber with a controlled temperature regime (20/30
• C, night/day and 12h of photoperiod). Screening of mutants from the seedling population was then performed at three-leaf stage (about 25-30 days after sowing). Compared with the normal phenotype of cultivar Nipponbare, the mutants with a strange form of seedling or root part were picked up. All the mutants were individually transplanted into the field for obtaining M3 seeds at the experimental farm of Zhejiang University, Hangzhou.
Screening for stress tolerance mutants
To screen the mutants for abiotic stress tolerance including herbicide, salt and drought tolerance in mutagenized population, a kill curve analysis using a wide range of NaCl (0.8-1.6%), Basta (0.15-0.35%) and PEG 6000 (15-35%) concentrations with wild type Nipponbare was first conducted. Critical concentrations of NaCl (1.2%), Basta (0.25%) and PEG 6000 (25%) were determined based on seedling survival rate, then applied to mutagenized seedling populations to observe mutation frequency empirically. The seedlings which apparently escaped or recovered from different stress were considered as resistant/tolerant mutants for respective stress and were transplanted to a paddy field to produce the next generation (M3).
Screening for morphological mutants
To identify the morphological mutants under field conditions, field experiments were conducted from 2006. M2 seedlings were individually transplanted to the field and the morphological traits were observed during the growing period. The M3 seeds from M2 plants and the next generation(s) with mutative traits were harvested and planted again in the next growing season to observe the response of the mutant trait(s) in Hangzhou of Zhejiang province or Lingshui of Hainan province. The seeds which had been dried to about 13% moisture content were dehulled for screening brown rice mutants.
Results
Seedling mutants at three-leaf stage
The seedling mutants at three-leaf stage with distinct morphological traits on leaf, seedling height, root and abiotic stress tolerance were screened from M 2 population. A total of 1056 mutants for all categories were screened in 40 162 seedlings, with a frequency of 26.29‰, but only 264 mutants could be verified in the next M 3 generation with the seedling mutant frequency of 6.57‰. Among the identified mutants, albino mutants (Fig. 1a) were the most abundant with 528 individuals (12.28‰), followed by dwarfism (2.39‰) (Fig. 1b) , rolled leaf (1.84‰) (Fig. 1c ) and virescent mutants (1.49‰) (Fig. 1d) . In addition, others such as yellow green leaf (Fig. 1e) , abnormal shoot ( Fig. 1f) and zebra (Fig. 1g ) mutants were also observed albeit at a lower frequency. For the mutants verified in M 3 generation, the frequency of leaf mutation was highest (2.22‰), followed by the seedling height (1.74‰) and abiotic stress tolerance (1.47‰) ( Table 1) .
Mutants on seedling leaf
In M 2 generation, 689 seedling leaf mutants in total were found and covered 8 mutation characteristics including leaf colour and leaf shape. Only 89 of these were verified in M 3 generation and possessed the highest ratio in the seedling mutant library. For leaf colour mutation, there were 4 mutation types including albino, yellow green, virescent and zebra mutants to be found in M 2 generation. The first two mutant categories of yellow green and albino were further of two types -one in which the mutant survived by turning into green and the other where the mutant died due its inability to perform photosynthesis. Among 528 albino mutants, only 35 plants (6.6% of albino) could recover green colour and grow -these were considered as greenable albino (Fig. 1h) . Out of these, about 14 plants (40% of albino mutants) produced seed and showed stable heritability, while the others died after the three-leaf stage. The same phenomena were observed for the yellow green seedling mutant (Fig. 1e ), as 7 out of 17 mutants survived. For the leaf shape mutant, rolled leaf and crimple leaf were found in M 2 population. 74 rolled leaf mutants were identified out of which 45 mutants showed stable heritability in the M 3 population. In the rolled leaf mutants, the first two leaves were rolled by the time the third leaf began to extend, and the leaf at the seedling stage was more yellow coloured. Two crimple leaf mutants were found in M 2 population and only one could be verified in the M 3 . The crimple mutant has a thicker leaf and a brighter colour when compared with the control "Nipponbare". Furthermore, two purple leaf sheath mutants ( Fig. 1s) were identified in M 2 generation and verified in M 3 .
Mutants for seedling height Among 1056 of above-mentioned mutants, the dwarf mutant (Fig. 1b) was the second most frequently observed phenotype in M 2 mutagenized population, comprising 96 plants with a frequency of 9.28%. Measurements revealed that the average height of dwarf seedlings was 8.4 cm (ranging from 3.8 to 11.7 cm), whereas for the wild type it was 14.9 cm. Five severe dwarf ( Fig. 1i ) mutants with a height of 1.2-2.8 cm were observed in M 2 generation. About 62 dwarf mutants were verified in the M 3 generation and their mutation frequency was the highest at 1.54 ‰. On the contrary, the tall mutants were scarce and only 10 mutants were screened in M 2 , out of which only 8 were verified in M 3 . When compared with the control, the seedlings height of tall mutant was significantly higher and their leaves were also longer.
Root mutants
An important category that was observed is the root system. Six kinds of mutant root traits were identified in M 2 generation including long root (Fig. 1j ), short root (Fig. 1k ), long radicle (Fig. 1l) , less lateral root (Fig. 1m) , none adventitious root and abnormal root. About 58 long root and 44 short root mutants were identified in M 2 generation, but only 23 long root mutants (frequency of 0.57‰) and 11 short root ones (0.27‰) were validated homozygous in M 3 generation, respectively (Table 1) . Long root mutants measured 12.2 cm (ranging from 11.4 to 21.0 cm) whereas short root mutants only 3.1 cm (ranging from 3.1 to 4.5 cm) in average length, an increase of 61.0% and a decrease of 42.0%, respectively in root length when compared to the wild type with a root length of 7.5 cm. As per the observation in growth chamber at three-leaf stage, short root mutants were usually accompanied by dwarf seedlings ( Fig. 1k ) and had more adventitious roots than control. Four long radicle mutants with less adventitious root were also identified in M 2 population, but their vigour ability was so weak that all of them died after transplanting. Besides, less lateral root mutants were also observed albeit with very low frequency (only 3 mutants).
Tolerance mutants
After morphological mutants were picked out, the remaining seedlings were sprayed with 0.25% Basta solution or treated with 1.2% NaCl solution or placed in 25% PEG 6000 solution in order to test their ability of herbicide resistance, salt tolerance and drought tolerance. After 2 weeks of treatment, most M 2 seedlings and the wild type died, but the survived seedlings showed a distinct result. Most of herbicide resistant mutants seemed not affected by the application of herbicide, and their leaves were well-green. Survivors from NaCl solution and PEG 6000 solution showed rolled leaves initially because of the direct affect of the stress on the root system but these mutants recovered rapidly after transplanting. Apparently, salt or drought tolerant mutants showed a comparatively prosperous root system and the roots were husky. In total, 53 herbicide resistant mutants (Fig. 1n) , 42 salt tolerant (Fig.1o ) and 33 drought tolerant ones (Fig. 1p) were identified in M 2 generation. Obtained resistant mutants were validated and 29 herbicide resistant mutants, 17 salt tolerant mu- tants and 13 drought tolerant mutants were found homozygous in M 3 generation (Table 1) .
Other mutants
Fourteen twin-seedling mutants were obtained from the mutagenized population. There were two kinds of twinseedling mutants found in the present investigation: incomplete and complete twin-seedlings, depending on the presence of one or two radicle primordia. In incomplete twin seedlings the two plumules originated from ventral and dorsal (endosperm) sides of the embryo and shared a common radicle (Fig. 1q) , while for the latter kind, two radicle primordia originated in the embryo along with the two plumules resulting in the formation of the juxtaposed twin in the same embryo (Fig. 1r) . Out of 14, only 5 mutants could be stably inherited to M 3 generation with a frequency of 0.12‰ (Table 1) . Within the M 2 population, four dominant mutants with abnormal basic stem (Fig. 1f) were isolated based on separated phenomena when verified again in the M 3 generation. All these mutants grew slowly with weak leaf, strong sheath and curl basic stem.
Mutants of morphological traits
After seed germination and seedling growth in the nurser, the M 2 population of 4082 seedlings was individually transplanted to the experimental field and the morphological traits were observed during the growing period. In total, 329 mutants in 6 categories were screened with a frequency of 80.60‰, but only 220 mutants were verified in the M 3 generation with the mutant frequency of 53.9‰ covering 28 kinds of mutant traits. Among the identified mutants, those with the appearance of brown rice were plentiful with 75 lines (18.37‰), followed by panicle (13.47‰) and grain (9.06‰) ( Table 2) .
Leaf
Leaf is a very important organ in plants as it can carry out photosynthesis and it provides assimilates for the growth and development of the plant. Based on visual appearance, a number of leaf mutants were identified and classified. Besides the leaf mutants screened at the three-leaf stage, other classes of leaf mutants, such as spotted leaf mutant and cluster leaf mutant, were also found after the three-leaf stage. Spotted leaf/lesion mimic mutants (Fig. 2a) , which spontaneously form lesions similar to those caused by pathogen infection, wound and stress, have also been identified in two lines in M 3 generation. Based on their leaf position, two kinds of lesion mimic mutants have been discovered -those with spotted leaf and those with spotted first internode.
Six cluster leaf mutants were found in the mutant population (Fig. 2b) . These mutants rapidly produced a new leaf and incessantly continued producing new leaves without affecting the original plant height. However, they did not go through reproductive phase to form panicles even after harvest (six month after sowing) and so they were also named "non-heading" mutants.
Tillering
In the present investigation two kinds of tillering mutants namely "reduced tillering" (Fig. 2c) and "increased tillering" mutants were observed. A total of 26 tillering mutants (with a frequency of 6.37‰) were obtained in M 2 generation, but only 5 increased tillering mutant lines and 8 reduced tillering ones showed stable inheritance in M 3 ( Table 2 ). The average number of effective tillers of increased tillering mutants was 18.8 tillers/hill (ranging from 13.7 to 23.1 tillers) at maturity, which was twice as much as wild type (9.3 tillers/hill), while that of reduced tillering mutants was only 3.9 tillers/hill (ranging from 3.4 to 4.6 tillers). This fluctuation could be attributed to the genotype and the environment interaction effect. However some reduced tillering mutants exhibited stable inheritance in M 3 generation with smaller numbers of tillers per plant.
Culm
In rice, the dwarfism causes the reduction in length of each internode and panicle (Fig. 2d) . All categories of dwarf mutants derived from M 2 were observed for segregation in M 3 in the field condition. For the variation of dwarfism, the mutative phenotypes were identified by plant height at maturity ranging from 55.4 to 67.4 cm, while the wild type reached 83.5 cm. In contrast, mutants with 95.2 cm in average, higher than the wild type in the present experiment were infrequently observed in M 3 . Eight mutative plants were classified and named "severe dwarf" because of their very short plant stature until maturity (plant height ranged from 20 to 24 cm). Some dwarf phenotypes were observed to cosegregate with other abnormal traits such as small panicle, early heading, deformed leaf shapes or increased tillering. Some of sprat mutants ( Fig. 2e) with less tiller and small plant architecture were observed in the paddy field condition, two of them were validated homozygous in M 3 .
Heading date
Lines whose heading date deviated by more than 7 days from normal were classified as heading date mutants. This category includes "early heading" and "late heading" mutants with a frequency of 2.45‰ and 6.12‰ of total screened mutants in M 2 generation, respectively. These rates subsequently decreased to 1.22‰ and 4.65‰ in the M 3 generation. Up to now, 5 early heading lines and 19 late heading lines were harvested (Table 2) .
Panicle
The most frequently observed abnormal phenotype in the field (16.66‰ in M 2 population) was panicle shape. Among them, the average length of big panicles measured around 23.7cm (23.1-24.5cm) with 126.3 spikelets per panicle (121.6-129.5 spikelets), while the small panicle mutants (Fig. 2f ) averaged around 16.2 cm in length (13.3-17.8 cm) and 80.0 spikelets per panicle (65.1-89.7 spikelets). The average for wild type was 20.6 cm in length with 105 spikelets per panicle. Besides panicle shape, 3 white panicle mutants were identified in the field at heading time, and the white colour lasted until panicle maturity but other morphological traits were normal (Fig. 2g) . Otherwise, 2 of them were found involving long glume trait (Fig. 2h) . Since the white panicles were obtained from virescent mutant lines, it was assumed that they were the result of segregation between genes controlling panicle colour and leaf colour arising in these lines. It is very much possible that a pleiotropic gene might be involved.
"Low fertile panicle" mutants were abundant. Thirteen low fertile mutants and 3 loose panicle mutants were identified. Seed setting rate of the low fertile phenotypes was very low (fluctuated from 4.6 to 41%), in comparison with that of the wild type (87.2%). Three "loose panicle" (Fig. 2j) and 4 lax panicle mutants (Fig. 2k) with low spikelet density in the panicle were also identified in the field and validated homozygous in M 3 .
Among 29 herbicide resistant mutants validated in M 3 generation, 20 lines were dense panicle mutants (Fig. 2l) with spikelet density of 17.3 spikelets/cm, in comparison with 4.9 spikelets/cm in the wild type. An interesting finding was that all dense panicle mutants were herbicide resistant. Consequently, it is possible that a linkage exists between the dense panicle trait and the herbicide resistant trait in the mutant library.
Grain
Eight mutation characteristics of the grain were found in M 2 generation and a total of 37 mutant lines were verified in M 3 generation. Two palealess spikelets (Fig. 2i) , in which the palea was replaced by two leaflike structures while all the other floral organs (lemma, stamens, and carpels) were normal, showed stable inheritance in M 3 . These mutants seriously affected the weight of brown rice, because the grain was packaged by lemma only. These mutants had a 1000 grain weight of 10.9 g, whereas that of the wild type was 19.1 g. "Open hull" (Fig. 2m) refers to a mutant that failed to close hulls after flowering. Only 2 abnormal hull mutants were captured in M 2 , but 4 mutant lines were obtained in M 3 generation because of segregation of other phenotypic mutants to this kind. Among grain mutations, short awn mutations (Fig. 2n) were abundant with 10 mutant lines in M 3 generation with a high frequency of 2.45‰. Other agronomical characteristics in this mutant category such as panicle traits, seed setting, plant height and seed weight were similar to the wild one (Table 2) . Besides, grain structure or grain shape mutations including big grain, small grain, shortround grain and long grain were also captured in the M 2 generation and comprised over 54.05% of grain mutants in M 3 generation (Table 2) .
Brown rice appearance
The frequency (10.04‰) of rice with large chalkiness mutant (Fig. 2o) was significantly higher than the frequency of other grain appearance such as slender grain (Fig. 2p) , small grain, big embryo, broad grain and round shaped grain mutants (Fig. 2q) . Another mutant with rare frequency was brown rice with red colour (Fig. 2r) . Sixty one obviously large chalkiness mutants were identified in the present experiment, while the brown rice of wild type was translucent. The ratio of length to width ranged from 2.13 to 2.20 for the slender mutants and from 1.44 to 1.62 for the round shaped mutants, while that of the wild type was 1.86. The 1000 grain weight for broad brown rice grain mutant was 13% higher in comparison to the wild type (19.08 g), while that of small grain mutants was only 80.1% of the wild type.
Discussion
In rice, there are several advantages of using chemical mutagenesis to produce mutant populations suitable for both forward and reverse genetics. Firstly, mutant populations can be produced with any genotypes. Secondly, because of the high density of mutations, genome-wide saturation mutagenesis can be achieved using a relatively small mutant population (Koornneef et al. 1982; Henikoff & Comai 2003) . And thirdly, it provides a large allelic series as a complement to the knockout mutants produced by insertion mutagenesis or transformation methods (over-and under-expression) . Thus chemical mutagenesis has been more and more regarded as a facility accompanied with mapping and cloning technologies to isolate and characterize genes.
By validating M 3 in the field condition, mutative phenotypes which were not seen in M 2 but appeared from the segregation of M 3 could be recorded such as spotted leaf, dense panicle and red brown rice. Due to selection for stable mutants in single seed descent, the frequencies of sub-lethal phenotypes such as albino and virescent greatly decreased in M 3 relative to those in M 2 . In contrast, dwarfism, heading time mutant, small panicle mutant, low setting rate mutant and lesion mimic (spotted leaf) mutant appeared more frequently than others. In the M 2 population, many mutants of morphological traits segregated in the M 3 generation, while mutants with inconspicuous characteristics were discarded. Some characteristics were successively segregated even at higher generation which might be due to the quantitative nature of the trait involved such as tillering ability, heading time, plant height, low setting rate etc. Other experiments have proved that quantitative traits easily suffer from environmental effects, so that the expression of such traits might vary depending on environmental fluctuation. There might be the linkage phenomenon for some pairwise traits such as the dwarfism associated with increased tillering. That means that EMS mutagenesis mutation might be capable of exhibiting a pleiotropic phenomenon.
Researches carried out in indica variety 9311 have also identified similar mutants such as spotted leaf, increased tillering, yellow green leaf, big panicle, degenerated panicle, greenable albino, etc. (Ye et al. 2006) . Comparative information about the chromosome organization of the two rice subspecies has got important implications for the development of new molecular markers. The forward genetics approach for identifying functionally important genes derives from a known allelic difference conferring a different phenotype. In such an approach, the objective is to identify a sequence change that confers a different phenotype. Such a sequence change can then become the basis for a marker that is specific for that allele. These types of markers will always co-segregate with the trait of interest and should also be polymorphic in many crosses. Such a marker will often be based on SNP (Single nucleotide polymorphism). By systematically searching for nucleotide differences, a complete set of markers that was based on SNPs or other sequence variations has been developed (Shen et al. 2004 ), which could be used for marker assisted selection (MAS) or screening germplasm and elite breeding lines.
Although present knowledge about plant architecture is still fragmentary, people can expect rapid progress in the field due to the availability of numerous mutants such as for tillering, panicle traits, leaf shape and root system. Complementarity of unique mutants might help researchers to confirm mysterious hypotheses about heredity regulation of genes. For example, some researchers supposed that the palea, and possibly the lemma, should be the equivalents of the eudicot sepals (Bowman 1997; Ambrose et al. 2000) . However, due to the lack of the corresponding mutants, these hypotheses have not been confirmed yet.
Plant breeders have paid special attention to plant architecture for centuries due to its agronomic importance. Our knowledge about plant architecture is mainly accumulated from studies on model plants such as Arabidopsis and Petunia and crops including tomato, maize and rice. A large number of mutants that altered in the various aspects of plant architecture have been collected and some key regulatory genes have been cloned and studied. So a saturated mutant library is essential for this purpose.
Roots of rice are associated with water and nutrient uptake, anchorage of the plant and biosynthesis of various growth substances. The advantages of the hydroponic method were revealed in the observation of the root system as the whole root system is visible without any obstacles. Despite the importance of rice roots, the study of root morphogenesis has not received as much attention as the development of aerial part organs. So, the root system mutation could provide sufficient materials for rice functional genome research. Group of long root mutants in the present experiment might be useful for molecular level research.
The phenomenon that fourteen twin seedlings mutants were identified in M 2 and five of them appeared to be stably inherited has not been reported earlier using EMS induced mutation. Discovered polyembryonic mutants might provide essential materials for rice functional genomics and high yield rice breeding such as making a permanent hybrid or creating a technique to fix hybrid vigour (if they are apomictic seedlings) or any favourable genetic combination, calling one-line hybrid breeding (Hwa & Yang 2007) . However, Luo & Zhou (1992) found that the rice twin (twin-seedlings) character was identified to be controlled by a pair of recessive genes, modified by multiple genes, the ratios of which express the quantitative inherent character. Different twin rice strains inherit differently; cytoplasmic effect exists in twin inheritance and rice twin heredity relates to apomixes.
Nowadays, abiotic stress is increasing in crop productivity worldwide. Improving the stress tolerance in rice has become one of the important objectives of rice breeding programs. To facilitate the development of new varieties with high levels of stress tolerance, an understanding of the genetic control mechanisms for stress tolerance is required. Identification of mass stress-resistant gene mutations would meet this demand. For example, by introducing the bar gene to restorer lines, spraying of 0.25% Basta solution to hybrid rice seedlings, the fake hybrid seedlings would be killed by Basta and excluded from population for hybrid seed production to increase hybrid seed purity (Xiao et al. 1998) . It is helpful to clear up unstable fertility and widen the use of sterile lines.
